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Abstract:
Sepsis-related laminitis (SRL) is a common complication in the septic/endotoxemic critically-ill equine patient, in which lamellar injury and failure commonly lead to crippling distal displacement of the distal phalanx. Similar to organ injury in human sepsis, lamellar injury in SRL has been associated with inflammatory events, including the influx of leukocytes into the lamellar tissue and markedly increased expression of a wide array of inflammatory mediators at the onset of Obel grade 1 (OG1) laminitis. The only treatment reported both clinically and experimentally to protect the lamellae in SRL, local hypothermia ("cryotherapy"), has been demonstrated to effectively inhibit lamellar expression of multiple inflammatory mediators when initiated at the time of administration of a carbohydrate overload in experimental models of SRL. However, the effect of hypothermia on leukocyte influx into affected tissue has not been assessed.
We hypothesized that cryotherapy inhibits leukocyte emigration into the digital lamellae in SRL.
Immunohistochemical staining using leukocyte markers MAC387 (marker of neutrophils, activated monocytes) and CD163 (monocyte/macrophage-specific marker) was performed on archived lamellar tissue samples from an experimental model of SRL in which one forelimb was maintained at ambient temperature (AMB) and one forelimb was immersed in ice water (ICE) immediately following enteral oligofructose administration (10g/kg, n=14 horses). Lamellae were harvested at 24 hours postoligofructose administration (DEV, n=7) or at the onset of OG1 laminitis (OG1, n=7). Both MAC387-positive and CD163-positive cells were counted by a single blinded investigator on images [n=10 (40x fields/digit for MAC387 and 20x fields/digit for CD163)] obtained using Aperio microscopy imaging analysis software. Data were assessed for normality and analyzed with a paired t-test and one-way ANOVA with significance set at p<0.05.
MAC387-positive cells were present in low numbers in the lamellar tissue and were decreased in the hypothermic limbs (vs.
AMB limbs, p<0.05) in the OG1 group; no change in CD163positive cell numbers was noted across the conditions of the model. This study demonstrated that hypothermia of the distal limbs instituted early in the disease process in the horse at risk of SRL significantly attenuates the increase of MAC387-positive leukocytes in the digital lamellae, but has minimal effect on increases in lamellar concentrations of the major leukocyte cell type present in that tissue, CD163-positive mononuclear cells.
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Introduction:
In horses, a variety of illnesses leading to systemic sepsis have been associated with the onset of a severe, crippling form of equine laminitis termed sepsis-related laminitis (SRL) (Garner et al. 1975 , Parsons et al. 2007 ). Many of the same pathophysiologic events reported in organ failure in septic humans in response to systemic inflammatory response syndrome have also been documented to occur in the lamellae in SRL (Maier 2000 ). In both septic humans and animal models of sepsis, leukocyte extravasation into tissues due to leukocyte activation, adhesion to post capillary venules, and transendothelial migration is reported to be a primary event in organ dysregulation/injury (Singer et al. 2009 , Wang et al. 2013 , Heemskerk et al. 2014 ).
This leukocyte emigration, which reportedly occurs due to the systemic activation of leukocytes and the local expression of multiple selectins, integrins, and chemokines from activated vascular wall and surrounding tissues; purportedly leads to inflammatory injury to tissues/organs in human and equine sepsis (Leise et al. 2011 , Chaudhry et al. 2013 , Maier 2000 2006) and has thus become a focus of therapeutics in human medicine. (Crouser 2012 , Rim et al. 2012 , Yenari and Han 2012 , Coyan et al. 2014 , Yuan et al. 2014 .
In sepsis in adult horses, the major "target organ" is the digital lamellae of the hoof; whereas human sepsis commonly results in multiple organ dysfunction/failure observed in visceral organs (Stewart et al. 2009 ). The most common experimental models of SRL have included the black walnut extract (BWE) model (Eaton, Allen et al. 1995 , Belknap 2010 and two carbohydrate overload (CHO) models, the more traditional corn starch/wood flour model, (Garner et al. 1978 , Faleiro et al. 2011a Multiple studies of lamellar tissues in these experimental models of SRL have documented a marked increase in pro-inflammatory cytokines, chemokines, cyclooxygenase-2 (COX-2), and endothelial adhesion molecules in the early stages of laminitis (Waguespack et al. 2004 , Blikslager et al. 2006 , Belknap et al. 2007 , Leise et al. 2011 , van Eps et al. 2012 ). Due to the role leukocytes reportedly play in sepsis-related end-organ injury, several studies have characterized lamellar leukocyte populations at different stages of laminitis in the SRL models (Black et al. 2006 , Faleiros et al. 2009a , Faleiros et al. 2011a (Faleiros et al. 2009b , Faleiros et al. 2011b ). Whereas CD163 was first described as a marker for the M2 (alternatively activated/anti-inflammatory) macrophage phenotype characteristic of resident tissue macrophages (Mills et al., 2012) , CD163 immunohistochemistry has also been reported to recognize mononuclear cells in the M1 (classically activated/pro-inflammatory) phenotype in the horse and other species. (Kim et al. 2006 , Faleiros et al 2011a . Later work using the same immunohistochemical techniques in a CHO model of SRL documented an increase primarily in mononuclear cells in the lamellae at the onset of clinical lameness (Faleiros et al. 2011a ).
Due to the complex nature of systemic inflammation leading to increases in tissue leukocyte infiltration (Wang et al. 2012 ) and
pro-inflammatory cytokine expression in multiple disease processes, targeted therapy through hypothermia for these individual processes has been the focus in both human (Crouser 2012 , Coyan et al. 2014 , Yuan et al. 2014 For CD163 staining, the avidin-biotin complex method was again utilized in a similar fashion as for MAC387, but this time an 
Results:
Data for this study were normally distributed. On qualitative assessment (Figs 1-4) , all sections contained few MAC387(+) cells (Fig. 1) and a larger number of CD163(+) cells (Fig. 2) 
Discussion:
Systemic inflammatory response syndrome (SIRS) can be a product of multiple sepsis-related disease states seen in both humans and horses, with uncontrolled SIRS potentially leading to devastating consequences including end-organ dysfunction and failure (Maiers 2000, Belknap et al. 2009 ). In horses with SRL, lamellar dysfunction and failure can be the result of multiple sepsis-related disease processes, including duodenitis-proximal jejunitis, placental retention, enterocolitis, and pleuropneumonia (Garner, et al. 1975 , Parsons, et al. 2007 , Kullmann et al. 2014 ). Due to the intense lamellar inflammatory Based on these previously published results, we have suggested that the increase in lamellar inflammatory mediator observed in SRL is potentially due to the influx of mononuclear cells specifically through leukocyte activation, extravasation into tissues, transendothelial migration, and adhesion to post capillary venules (Singer et al. 2009 , Wang et al. 2013 . In SRL, the primary leukocyte present in the lamellae has been the monocyte/ macrophage (Faleiros et al. 2011a) . Although neutrophils are commonly a focus of interest in models of human sepsis, macrophages and monocytes are known to function in initiating the acute inflammatory and vascular changes associated with sepsis and leukocyte extravasation into the perivascular tissues of multiple organs (Mills 2012) . Macrophages are often classified according to two different phenotypes. Type 1/M1 is known to have a pro-inflammatory phenotype, whereas type 2/M2 demonstrates anti-inflammatory properties , Mills 2012 . When humans are diagnosed with SIRS, the M1 phenotype dominates the acute inflammatory disease process (Mills, 2012) . MAC387 reportedly stains the classically activated M1 phenotype, whereas CD163 is thought to stain for both M1 and M2 phenotype in the horse (Faleiros et al. 2011a ). Normal equine lamellar tissue contains very few MAC387-positive leukocytes and a moderate number of CD163-positive cells (which are thought to represent resident tissue macrophages, Faleiros et al. 2011a ).
In the current study, we assessed the same two leukocyte markers, MAC387 and CD163, previously used to demonstrate leukocyte influx in both CHO models (corn/wood starch and OF) of SRL (de Laat et al. 2011; Faleiros et al. 2011a . Whereas MAC387 appears to be a marker for similar leukocytes (neutrophils and activated monocytes) in horses as in other species, we, similar to recent reports in inflammatory disease in humans, have found CD163 to be a marker not only for the classically-described anti-inflammatory/M2 phenotype of monocytes/macrophages (Buechler et al. 2000) , but also for activated mononuclear cells (M1 phenotype) infiltrating the interstitium from the vasculature in inflammatory diseases (Kim et al. 2006; Faleiros et al. 2011a ).
Our findings demonstrated an increase in both MAC387(+) and CD163(+) leukocytes at the OG1 vs the DEV time point ( Fig. 3 &   4 ). This coincides with previous reports of a marked increase in lamellar expression of multiple inflammatory molecules at the onset of OG1 laminitis in the CHO model (Faleiros et al. 2011a , Leise et al. 2011 . However, the inability of hypothermia to block the increase in CD163(+) cells at the OG1 time point was unexpected (Fig. 4) . Hypothermia decreased the number of MAC387(+) cells at the OG1 time point (p<0.05); however, there is an incredibly small number of MAC387(+) cells when compared to the CD163(+) cells (thereby calling the validity of any conclusions drawn from this finding into question). CD163
immunohistochemistry is most likely staining a combination of both resident tissue macrophages and an influx of activated monocytes from the vasculature into the tissues as the numbers are increasing, as previously reported in our other work (Black et al. 2006 , Faleiros et al. 2011a . It is possible that CD163 immunohistochemistry in the current study is recognizing an increase in tissue macrophages in the M2 phenotype in the hypothermic limbs, which would possibly indicate an antiinflammatory role of hypothermia. However, monocytes extravasating into the lamellar tissue in the current model of sepsis-related laminitis are more likely in the classically activated/M1 phenotype as is described for extravasating monocytes in early sepsis in other species (Italiani and Boraschi 2014; Faleiros et al. 2011a) ; this is consistent with the increase in CD163-positive cells in affected lamellae being monocytes of the inflammatory/M1 phenotype with minimal effect of hypothermia on this event.
In human medicine, the down regulation of inflammatory mediators is thought to play a major role in the protective effect of hypothermia used as an adjunct treatment for sepsis and trauma (Crouser 2012 , Rim et al. 2012 , Yenari & Han 2012 , Coyan et al. 2014 . Digital hypothermia in horses has been shown to be very effective in blocking early lamellar inflammatory events likely to play an important role in lamellar injury, including the expression of chemokines, pro-inflammatory cytokines, COX-2 and endothelial adhesion molecules (van Eps et al. 2011 , Kullmann et al. 2014 . Clinically, hypothermia has been shown to be the only therapy that can attenuate the severity of laminitis at various stages of SRL (van Eps & Pollitt 2004 , van Eps 2010 , van Eps et al. 2012 , van Eps et al. 2014 . The cellular origin of the massive increase of lamellar inflammatory mediators (Leise et al. 2011) that is being blunted with the use of digital hypothermia (van Eps et al. 2011 ) is unknown. It is likely that much of the inflammatory response is from the host cells of the lamellae including not only resident tissue macrophages but also the lamellar epithelial cells.
It is well described that SIRS results from activation of both the innate and adaptive immune responses when stimulated by the presence of both bacterial products and injured host cells (Belknap et al. 2007 ). The cells of the innate immune system 
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